Objective: To determine whether a hospital's ability to rescue patients from major complications underlies variation in outcomes for elderly patients undergoing emergent surgery. Background: Perioperative mortality rates in elderly patients undergoing emergent general/vascular operations are high and vary widely across Michigan hospitals. Methods: We identified 23,224 patients undergoing emergent general/ vascular surgical procedures at 41 hospitals within the Michigan Surgical Quality Collaborative between 2006 and 2011. Hospitals were ranked by risk-and reliability-adjusted 30-day mortality rates and grouped into tertiles. We stratified patients by age (<75 and ≥75 years). Risk-adjusted major complication and failure-to-rescue (ie, mortality after major complication) rates were determined for each tertile of hospital mortality. Results: Risk-adjusted mortality rates in elderly patients varied 2-fold across all hospitals. Complication rates correlated poorly with mortality. Failureto-rescue rates, however, were markedly higher in high-mortality hospitals (29% lowest tertile vs 41% highest tertile; P < 0.01). When compared with younger patients, overall failure-to-rescue rates were almost 2-fold greater in the elderly (36.1% ≥75 vs 18.7% <75; P < 0.01). Conclusions: A hospital's failure to rescue patients from major complications seems to underlie the variation in mortality rates across Michigan hospitals after emergent surgery. Although higher failure-to-rescue rates in the elderly may signify their diminished physiological reserve for surviving critical illness, the wide variation across hospitals also highlights the importance of systems aimed at the early recognition and effective management of major complications in this vulnerable population.
in the elderly undergoing major emergent surgery than in younger patients. 7 Given these concerns, the American College of Surgeons and the American Geriatric Society have jointly attempted to mitigate perioperative risk by forming "best practices" for the preoperative assessment and optimization of elderly patients. 8 However, despite these efforts, it remains unclear how best to reduce surgical mortality rates in elderly patients. The relative importance of complication prevention versus complication management is not well defined for elderly patients and may be particularly relevant in the emergent setting. Some posit that elderly patients' decreased physiological reserve underlies patient-level differences in morbidity and mortality. 9, 10 However, others have shown that there is significant hospital-level variation in outcomes after emergent general surgery in the elderly, thus pointing to differences in the structure and systems of care. 11 Recent efforts to explain hospital-level differences in mortality rates have focused on the hospital's ability to respond to major complications (ie, failure to rescue). [12] [13] [14] The importance of this observation is unknown in the emergent surgical setting where geriatric postoperative management represents an important target for quality improvement. In this context, we used data from the Michigan Surgical Quality Collaborative (MSQC) to examine hospital-level variation in morbidity, mortality, and failure to rescue after emergent surgery. We then focused on the magnitude of variation in outcomes between the elderly and younger patients. We hypothesize that failure to rescue is a fundamental driver of the inferior outcomes appreciated in the elderly undergoing emergent surgery.
METHODS

Data Source and Study Population
We studied data from the MSQC prospective clinical registry from 2006 to 2011. The MSQC represents a partnership between 2 entities-Blue Cross and Blue Shield of Michigan and 52 Michigan hospitals. This project followed standard data definitions and collection protocols as we have previously described. 15, 16 In brief, data collection occurs at the hospital level by specific MSQC data collection nurses. Accuracy of data collection and maintenance is ensured by rigorous training of staff and data audits performed at participating sites. All available variables were collected for this analysis, including patient demographics, preoperative risk factors, laboratory values, perioperative factors, and 30-day postoperative morbidity and mortality rates.
For the purposes of failure-to-rescue analysis, we excluded urinary tract infection, deep venous thrombosis, renal insufficiency, and superficial surgical site infection from our list of major complications as has been previously described. 12 We defined failure to rescue as death after at least 1 major complication.
Statistical Analysis
We compared demographic, comorbidity, and operative differences between patients younger than 75 years and patients 75 years and older with the Student t test, the χ 2 test, and the Fisher exact test as appropriate. To rank hospitals based on performance, we applied risk-adjusted 30-day mortality rate as the primary exposure variable. Risk-adjustment models were developed using backward stepwise logistic regression that included variables such as patient age, sex, race, body mass index, diabetes, smoking status, alcohol use, dyspnea, do-not-resuscitate status, preoperative functional status, chronic obstructive pulmonary disease, pneumonia, ascites, congestive heart failure, need for dialysis, hemiplegia, transient ischemic attack, disseminated cancer, steroid use, bleeding disorders, chemotherapy, radiotherapy, sepsis, esophageal varices, prior myocardial infarction, angina, hypertension requiring medication, peripheral vascular disease, prior operations, American Society of Anesthesiologists (ASA) class, operative duration (minutes), surgeon specialty, work relative value units, and the need for intraoperative transfusion.
The final model included 19 variables with a C-statistic of 0.913. Hospital mortality rates were then adjusted for reliability using hierarchical modeling and empirical Bayes techniques. 17 This was done to minimize the effects of random variation on observed differences between hospitals. This type of variation observed in surgical outcomes is largely attributable to small sample size (ie, hospitals with small caseloads). 18 Risk-and reliability-adjusted hospital rankings were used for subsequent analyses.
We grouped hospitals into tertiles based on reliability-adjusted mortality rates. We then evaluated rates of major complications and failure to rescue (ie, mortality after a major complication) for each tertile of mortality. Results were stratified by patient age (<75 vs ≥75 years) to compare rates of mortality, major complications, and failure to rescue across different ages at the same hospitals.
Hospitals were then ranked by risk-and reliability-adjusted 30-day mortality rates for young and elderly patients separately. Hospital rankings for the different age groups were then plotted against each other to assess the correlation between performance within each age stratum. We used the Cohen κ coefficient to evaluate agreement between the age-specific hospital rankings. The statistical model retained predictive value and good discriminatory function in patients younger than 75 years (C-statistic = 0.901) and 75 years and older (C-statistic = 0.790).
All statistical analyses were performed using Stata statistical software (version 12.1; College Station, TX). This study was approved by the University of Michigan institutional review board.
RESULTS
Study Population
We identified 23,224 patients who underwent emergent surgery at an MSQC member hospital between 2006 and 2011, requiring inpatient hospitalization. The patient population was subsequently divided into "young" patients (<75 years old; n = 18,901; 81.2%) and "elderly" patients (≥75 years old; n = 4,323; 18.8%) ( Table 1 ). The median age of young patients was 49.2 years, whereas that of elderly patients was 81.9 years. Elderly patients possessed greater comorbid disease burden (Table 1) . Furthermore, the elderly were more likely to be of higher ASA class at the time of emergent operation (41.8% vs 14.8% ASA ≥4; P < 0.01). Elderly patients also underwent more extensive operations (median work relative value unit = 19.3) than younger patients (median work relative value unit = 10.9, P < 0.01).
Morbidity and Mortality After Emergent Surgery
After adjusting for patient clinical factors, operative case mix, and hospital volume, the overall 30-day mortality rate at low-, middle-, and high-mortality hospitals was 6.4%, 7.4%, and 8.9%, respectively. The rates of major complications were not significantly different across tertiles of hospital mortality (low = 25.6%, middle = 21.8%, high = 25.9%; P = 0.35 low vs high). Patients were subsequently stratified by age. The mortality rate for young patients at low-, middle-, and high-mortality hospitals was 4.1%, 4.6%, and 5.4%, respectively (P < 0.01 low vs high). Elderly patients had higher and more variable mortality rates ranging from 17.5%, 19.6%, and 22.8% at low-, middle-, and high-mortality centers (P < 0.01 low vs high). The rates of major complications again did not correlate with hospital mortality for young (low = 18.5%, middle = 20.6%, high = 19.7%; P = 0.63 low vs high) or elderly (low = 41.6%, middle = 40.0%, high = 39.4%; P = 0.66 low vs high) patients, although rates were substantially higher in the elderly.
Failure to Rescue
To investigate the relationship between major complications and mortality at the hospital level, failure-to-rescue rates were calculated for each tertile of hospital mortality within each age stratum ( Fig. 1 ). Although the rates of major complications did not correlate with hospital mortality, failure-to-rescue rates were higher in high-mortality hospitals than in low-mortality hospitals for both young (24.9% vs 13.2%; P < 0.01) and elderly (42.1% vs 27.4%; P < 0.01) patients. Furthermore, at the patient level, failure-to-rescue rates in the elderly were nearly 2-fold higher than those for younger patients within each tertile of hospital mortality. A subset analysis excluding all patients with do-not-resuscitate status was also Copyright © 2013 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.
FIGURE 1.
Major complications and failure-to-rescue rates for young (<75 years) and elderly (≥75 years) patients across hospitals ranked by overall mortality. Major complication rates are not significantly different between tertiles of hospital mortality. Failure to rescue correlates with mortality and is significantly higher in elderly patients.
conducted. The differences in failure-to-rescue rates between highand low-mortality hospitals remained for both young (21.0% vs 16.4%; P < 0.01) and elderly (39.0% vs 27.9%; P < 0.01) patients.
Evaluating Hospital Performance Across Age Groups
There was evidence of discordance in hospital performance between the 2 age groups (κ = 0.025) (Fig. 2) . A total of 16 hospitals (40%) differed widely in performance between the 2 age groups (ie, low mortality in young patients and high mortality in elderly patients, or vice versa) (boxes B and D, Fig. 2 ). When using the age-specific rankings, there was only 30% agreement between those centers included in the high-mortality tertiles for young versus elderly patients.
DISCUSSION
This study enhances the limited body of literature detailing the importance of failure to rescue in evaluating hospital quality for emergent surgery. It further highlights that elderly patients are uniquely vulnerable to poor outcomes after emergent procedures. Mortality rates for these patients are significantly higher and more variable across hospitals than for younger patients. This observation is not correlated with morbidity, as major complication rates did not differ across tertiles of hospital mortality in either age group, although absolute complication rates were markedly higher in the elderly. Rather, death after major complication, or failure to rescue, is a major driver of mortality differences between hospitals. An age disparity persists, as failure-to-rescue rates in elderly patients are significantly higher after emergent surgery than those in younger patients. Finally, hospital mortality in young patients is poorly correlated with mortality in the elderly, indicating variability in appropriate management of patients across different ages.
Our findings are consistent with the published literature and highlight disproportionately poor outcomes in the elderly compared with younger patients after emergent surgery independent of comorbid disease burden. 1, 11 A further study by Ingraham et al 11 described substantial hospital variation in the care of young and elderly, emergent, general surgical patients, with elderly patients experiencing nearly 3-fold higher postoperative mortality rates. Recent work has attempted to address questions brought forth by these observational studies regarding actionable avenues for quality improvement. Current practice measures effectively mitigate the occurrence of cardiovascular complications in elderly surgical patients but may not adequately address pulmonary and renal events. 19 Despite this, relatively little work has been done to promote attention to complication rescue in addition to prevention.
FIGURE 2.
Relationship between hospital performance in young patient and elderly patients. There are 8 hospitals (20%) that exhibit good performance (low mortality) in younger patients but poor performance in the elderly. Similarly, there are 8 hospitals (20%) with poor performance in young patients but good performance in the elderly.
This work illuminates several critical issues regarding surgical care in the elderly. A large proportion of emergent surgery cases are performed in patients older than 75 years. This is likely to increase as the baby boom generation ages. 3 Implications of this surge will be appreciated by providers at the point of care and by policy makers nationally. First, for surgeons, it is important that care teams establish practice measures specifically for complication rescue. In the elderly, emergent, surgical patient, this requires prompt identification of major complications and appropriate management thereafter. It is likely that the elderly patients possess diminished physiological reserve and are more likely to exhibit the frailty phenotype attributed to poor surgical outcomes. 9 Within this context, early recognition and management (rescue) may be particularly high-yield quality improvement targets. For hospitals, it is unclear which factors related to complication rescue are amenable to regional quality improvement initiatives. 20 More importantly, the coordination of care, tailored to geriatric patients, may be more important than the mere availability of advanced resources. 21 Collaborative efforts between surgeons, hospital administrators, and payers will be necessary for program implementation within our state.
There are several limitations to this study. First, this is a retrospective cohort study performed on existing data. The main purpose of the prospectively collected and audited MSQC data set is identification of quality improvement initiatives across Michigan hospitals. As such, although we are unable to establish causality between the clinical factors collected in the data set and postoperative events, our findings demonstrate important associations for future research. Second, the MSQC data set does not collect information on all possible postoperative complications despite being comprehensive in the nature and severity of events recorded. Thus, we could be missing other complications in our analysis, but our failure-to-rescue analysis is limited to patients with a recorded postoperative complication. Finally, the data collected are patient-and operation-level variables. There are relatively few hospital-level factors available for application in statistical analysis. Despite these limitations, attempts were made to correct for case mix and procedural volume that undoubtedly influence surgical outcomes. Understanding failure to rescue necessarily requires the evaluation of hospital-level variables, although this is beyond the scope of this study and represents an active field of current investigation.
CONCLUSIONS
Hospital-level variation in mortality rates after emergent general and vascular surgery is explained, in part, by failure to rescue. More importantly, the elderly are substantially harder to rescue once a major complication has occurred and high performance in younger patients does not translate into better rescue rates in the elderly. Hospitals and surgical teams must develop age-specific care practices for emergent surgical patients that address complication prevention in addition to rescue. As surgeons continue to operate on older, sicker patients, practice measures that address complication rescue will prove important across hospitals.
DISCUSSANTS L.D. Britt (Norfolk, VA):
Let me first thank the authors for asking me to review their manuscript and commend them for contributing this important work.
With an aging population and the fact that it takes twice the time and effort for a general surgeon to take care of an elderly patient, any emphasis on improving mortality in this vulnerable special population in the emergent setting is noteworthy. Using data from the MSQC that has a 41-hospital consortium, the authors found that hospitals with overall higher mortality rates for this cohort of patients also had higher failure-to-rescue rates, the inability to recover from postoperative complications, and concluded that the variation in mortality across Michigan hospitals after emergent surgery was, in part, the hospital's failure to rescue patients from major complications.
This retrospective cohort study supports the hypothesis that failure to rescue is a fundamental driver of inferior outcomes seen in elderly patients. However, this study fails to examine hospital resources, protocols, quality improvement initiatives, or other indices that might be in place at the various institutions. I would like the authors to fully address this criticism. In addition, the authors failed to adequately present the makeup of the hospitals with respect to important variables, such as not having a surgeon or anesthesiologist immediately available or the ready availability of blood products. In the population analysis, there was no control for chronic medical conditions, preexisting functional status, or socioeconomic class. Because all these factors would impact patient outcomes across hospitals (especially the elderly population), I would like the authors to address this noticeable oversight.
Perhaps, a more informative investigation would be an analysis of specific system-based approaches in the more successful hospitals. In a prospective fashion, one could take these quality improvements and protocols and implement them at a low-performing hospital and determine whether such practice improvement initiatives actually affect patient outcomes. Specifically, would it lower the failure-torescue rate in this special population?
Reply From K.H. Sheetz:
We would like to thank Dr Britt for agreeing to serve as our primary discussant for this article. You raised several important points. First, given the constraints of the data we were working with, we were unable to assess the impact of specific hospital resources, protocols, or other quality improvement initiatives on rescue rates. Second, we did adjust for patient comorbidities and hospital procedure mix in determining the risk-and reliability-adjusted mortality rates. Finally, we appreciate your interest in the future steps of this work. We do, in fact, have an excellent collaborative in Michigan where we can learn, pilot, and implement best practices across hospitals to better care for elderly patients undergoing emergent surgery.
DISCUSSANTS R.J. Mullins (Portland, OR):
Forty years from now, when you are a senior surgeon, you may find that one of your primary responsibilities when performing emergent surgery on an elder patient is providing them, or often their family, a prognosis. You need to give them your expectation how the operation will turn out.
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There are many elderly patients who are fearful of being rescued. They do not want the aggressive care and prolong treatment in a university intensive care unit (ICU), which is distant from their home. They want to stay close to their family members. If their time has come to die, they are willing to accept that. They do not want tube feedings. They do not want prolonged mechanical ventilation.
I have 2 questions. How can you justify a 30-day mortality rate as a measure of outcome, when, in fact, elders continue to die postoperatively over 90 or 180 days? In other words, what message are your observations sending: "Make sure they survive 30 days and get the patient discharged from the hospital, so my rescue numbers look good"? Is it a rescue to discharge severely disabled patients to a nursing facility where they soon die?
Another way to ask that question is the following: Which is a better hospital: a hospital where the length of stay for those who die, the decedents, is 30 days or the hospital where the length of stay before death is 10 days?
Reply From K.H. Sheetz:
We acknowledge that 30-day outcomes are somewhat limited in their scope. Clearly, 90-day or 1-year outcomes could be more informative, particularly given that many of these patients are discharged to subacute rehabilitation or other secondary care facilities where they eventually may die. We acknowledge this limitation and examine it further, perhaps, in the Medicare population.
Regarding your question about length of stay, we have actually started to look at this question in more depth. There are several factors that may influence this beyond patient factors, including resource utilization, surgeon preferences, and the availability of nursing homes or other secondary care facilities. Right now, we do not have all of this information, but it is something we are looking into further.
DISCUSSANTS K.D. Lillemoe (Boston, MA):
I would like to thank you and your colleagues in the Michigan Collaborative for again bringing both to this audience and to the surgical community the results of the fine work that you are doing with your statewide organization.
Having worked at 3 tertiary care hospitals, not in Michigan, I recognize that the concept of rescue for many smaller hospitals is transferring the patient to a tertiary care hospital. You talked about high-mortality and low-mortality hospitals, but you gave no information related to whether, as Dr Britt asked, where do tertiary care hospitals with great ICUs and acute care surgery services fall with respect to your mortality categorization?
Second, how did you handle your mortality statistics with respect to patients transferred from smaller hospitals to the University of Michigan or other academic medical centers to provide complex tertiary care?
Finally, a bigger ethical question that perhaps should be directed to one of the more senior members of your group, is how does a hospital that is interested in preserving its reputation, its overall mortality statistics, and its reportable outcomes, deal with the fact that we, on an almost daily basis, accept transfer patients who are told that the only chance of saving them is to be transferred to the Massachusetts General Hospital or the University of Michigan or Indiana University, or any other Academic medical center, full well recognizing that the chances for survival are extraordinarily low and that they will likely end up showing on our mortality statistics and making us appear to be a higher mortality hospital? Should we just say no?
Reply From K.H. Sheetz:
We did not explicitly look at hospital resources as they pertained to emergent surgical care within the hospitals included in this analysis. We have some of these data available, and in general, there are no gross differences in overall hospital size, ICU bed numbers, or level 1 trauma status between high-and low-mortality hospitals. We believe that how resources are structured and implemented are most relevant to rescue. Unfortunately, this is difficult to study with our clinical registry data.
We did account for transfer status for this analysis of data, although we acknowledge that this does not fully account for patient acuity on presentation or transfer, it is a strong predictor of patient outcome. This is taken into account when determining the risk-adjusted mortality rates of hospitals. As such, the quaternary institutions to which you referred may not be as adversely affected by a death that occurs posttransfer as one may suspect.
DISCUSSANTS W.B. Inabnet (New York, NY):
I would like to expand upon Dr Britt's comments about the nature of the hospitals with better outcomes. Many hospitals around the country are starting to develop geriatric emergent departments where they have a dedicated section of the emergent department that has been earmarked specifically for geriatric patients. Institutions are also implementing palliative care services, where geriatricians work with the primary care team to care for the critically ill patient when end-of-life decisions need to be made.
Can you comment on the presence of either of these 2 programs in your low-mortality hospitals? In other words, did the presence of these services in any way influence your results?
Reply From K.H. Sheetz:
Unfortunately, we did not explicitly look at any hospital-based resources. The presence of geriatric emergent departments or geriatric specialists within the emergent setting is not readily available in our data registry. This is fertile ground for future work. We need to understand what hospitals do particularly well, or poorly, in caring for elderly patients.
End-of-life care is an important consideration for this project. Although we accounted for preoperative do-not-resuscitate status in our primary analysis, we also conducted a subset analysis of our data excluding all of these patients and found identical results. Unfortunately, we are unable to glean from the data which patients had care withdrawn at any given point during their hospitalization.
Reply From A.A. Ghaferi:
I also want to echo Dr Britt's comments and commend Kyle on presenting this article very nicely and handling the audience's questions with poise. I would like to make a closing remark to address the overall theme of the questioning I am hearing from the audience. Your questions are all very insightful and I am excited to hear the enthusiasm for this work and its potential future steps. We are in the midst of a National Institutes of Health-funded study evaluating failure to rescue among the elderly in the state of Michigan. Our study focuses on acquiring data about hospital resources, safety attitudes, and safety behaviors that may affect failure-to-rescue rates. I am confident that the results of this study will inform future implementation projects aimed at improving rescue rates across hospitals in an effective and cost-efficient manner.
